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ABSTRACT 


This paper describes a design and experimental 
study of the placement of guidance arrows on highway 
guide signs. Thars Study Was conducted under 
laboratory Com@atzons. Ten subjects were shown a 
series of slides depicting three destinations, three 
directions and three sign designs under controlled 
instruction and exposure duration; they were required 
to respond to a previously determined cue as quickly 
and as accurately as possible. The measured variables 
were Lesponse time and correctness of the response. 
Classical statistical tests were used to conduct the 
analyses. The analyses were made to determine the 
optimum guidance sign deSign regarding the arrangement 


of arrows and destination names. 
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Paes CRODUCTION 


ae ee ee eS Se 


me  FROSLEM DEFINITION 


The automobile has become an integral part of the 
American life style as evidenced py the pollution, SMOJ, 
traffic jams and ribbons of highways crisscrossing the 
country. Most lixely the automobile will never cease having 
an impact on the people of our country, even when they are 
threatened with an energy crisis. One would be fairly safe 
in saying that autonobiles and highways are here to stay, at 
least for the forseeanle future. 

With the automobile and highway systems playing such 
feeelaere@e part Bim this couurtry's way of life, traffic 
accidents and deaths will probably continue to plague the 
population. The Directorate of Aero Space Safety [1970] 
Stated that statistically during a lifetime one out of every 
two United States citizens has been or will be disabled or 
Peeteae in a traffic accident. In 1973 murderers kilied 
19,000 Americans, however traffic accidents killed 55,800 
persons. Criminals inflicted about 500,000 injuries on 
Americans; traffic accidents caused 2,000,000 injuries. The 
mreeect Cost or “Serious Crime" cost five billion dollars; 
trarfic accidents exceeded 20 billion dollars annually 
[(Betiele Clutch 1975}. The transportation problem and the 


= ee we SS ae = ae OP eS ee 


trarric control problem within the United States has reached 





acute proportions aS aimdicated in the figures’ above. 
However one does not have to go any farther than his daily 
newspaper to gather these gruesone facts. Unfortunately 
Department of Defense personnel are included in this group 
Spee statistics. The Air Force averaged 381 deaths per year 
in the years 1965 to 1969 with an annual average of 4,363 


accidents {Directorate of Aero Space Safety 1970}. 


One aspect of the tranSportation system involving 
automobiles and the driver are the signs placed along roads 
and highways. These signs represent a source or information 
which enables the automobile operator to drive safely and 
correctly on these tranSportation arteries. Sheridan {1974 ] 
refers to data or other evidence as the property of messages 
that reduces one'S uncertainty about the true state of 
affairs. This 1S what a traffic sign attempts to do, reduce 


one's uncertainty about the driving task. 


2. The Driving Task 


Before continuing, it would be prudent to explain 
the driving task so one will better understand how signs are 
related to the task. Driving is a task which can be broken 
Wp into three sub-tasks: control, guidance and navigation 
ieeeewander et»al @972). ‘control relates to the driver's 
interaction with the automobile and does not require the use 
of highway signs to be successfully accomplished. Guidance 
reters to the driver's ability to maintain a safe path on 
the highway; regulatory and warning Signs assist the driver 
Mae this sub-tasxk. Finally, navigation which refers to the 
drivers ability to plan and execute a trip from a point of 
Origin to a deStination requires the use of guide Signs to 
Daevwuceo fOnrtation tO the driver in order for him to 
properly carry out this sub-task. Therefore, it 1s evident 


that signs play an important part in the task called 
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Griving, and without the benefit of signs, it would be 
severly restricted or pernaps even impossible to accomplish, 


given the present complex highway systen. 


Be. INFORMATION GATHERING 


ile etting Information to the Driver 


Although the driver obtains information via all his 
senses, the information-gathering discussion is structured 
in terms of the driver's visual reception. The primary 
source of information by the driver is the eye, which 
Geeounts for 95 percent of all his input information 
{Schmidt et al 1966]. The information needs of the driver 
can be categorized in accordance with his information 
inputs. The relevant input category deals with directional 
performance and consists of two distinct phases: (1) trip 
preparation and planning which 1s usually a pretrip 
@etrvrty, and (2) direction finding which occurs while in 
transit. During the direction finding phase the driver on 
tae road must find his destination in the hignway system in 
@ecordance With his trip plan and the directional 
information received in transit. It must be remembered tnat 
he will always be fperforming other tasks requiring 
information processing. The driver naS a priori knowledge 
which he brings into the driving task and he obtains and 


wses information in transit. 
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King [1971] has suggested that a driver can attend 
to only one information source at a time. Task analysis of 
the driving operation has shown that there is considerable 
task-sharing throughout the driving operation. Furthermore, 
it has been shown that diverse inrormation sources compete 
for the driver's attention, especially in high-signed areas 
such as at interchanges and in the urban areas. The 
Situation 1S further complicated on high-speed interstate 
routes where the driver is faced with time pressures as well 
aS competing inrormation needs and task sharing. The 
driver's apility to perform well in high-sSignal, high-speed 
Situations tnen depends on his ability to time-Share his 
attention among the competing information sources, and focus 
his attention on the moSt important information needs. His 
ability to perform is ovviously based on the nature of the 


decisions that he must maxe. 


ae ~©6O(DFivagwg Skills 


Cumming {1964] stated that one of the most important 
driving skills is the Skill of sSyStematically and 
ertficiently gathering information. He cites studies of 
filmed records of drivers' eye movements, which indicate a 
maximum rate of sampling from separate information sources 
of avout one to 1.4 per second. He concludes that this slow 
rate 1S not sufficient to give the driver enough of the 
information that he needs. Cumming has concluded that the 
driver relies on his short-term memory and his ability to 
integrate information; he also fills information gaps with 
expectancies. Thus, his scanning techniyue under time 


pressure 1S a function of his driving experience. It has 
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been suggested by Schlesinger [1963] that the ability of the 
driver to observe the environment efficiently is so critical 
to the driving task that he should be taught sequential 
scanning routines aS a part of driver education. Whiie 
operating a vehicle on the road the operator is faced with 
the problem of maintaining an appreciation of a dynamic 
environment in which he must continuously predict what will 
@eecur in the next instant. In addition to predicting he 
must integrate the information he receives to maintain this 
dynamic appreciation. Because the driver iS an iportant 
link in the transportation system, one should look closely 
at tne ability of how he performs within the system. The 
purpose of a highway system is the safe, comfortable, 
convenient and efficient movement of goods and people and a 
lost driver 1s a system failure. AS the information 
cnallenge increases, a point 1S reached where the driver is 
unable to handle and process the amount or information 
required to resolve the uncertainty of the decision. It is 
at this point that the driver's channel capacity 1S said to 
be exceeded (King 1971}. 


An important point concerning channel capacity of 
the driver 1s that 1f the information challenge becomes very 
great the "confusion effect" sets in so that not only is the 
driver unable to process the heavy information challenge, 
but he aiso seems to show a marked decline in the amount of 
information that he can transmit error-free,i.e. his channel 


Capacity is decreased [Quastler 1956}. 


Although channel capacity 1s a fixed value for a 
particular individual at a particular time, it 1s possiole 
to increase an individual's apparent channel capacity by 


Beeocenge OL OrGanizing bits of information into chunks 
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eeiler 1955). Channel capacity is the limiting factor for 
the amount of information processed in any time period, 
however, the immediate ~@emory, which 1s apparently 
independent of channel capacity, is the limiting factor for 
Becodindsinizormation [King 1971]. The principle of recoding 
States tnat if a complex code can be taught to drivers, 
elements of this code can be presented in lieu of the 
Original information. Mme olmportant limiting factor in 


recoding 1S that the driver must Know the code. 


C. HISHWAY SIGNS: A MEANS FOR MANSUVERING 


1. Communicating with the Driver 


ae ee ee ee ee — ee oe — << a ee a ae 


The signs used on the roadways of the United States 
are a collection of shapes, colors, symbols, pictures and 
words, combined so aS to provide maximum information to the 
driver. ResearcnersS! knowledge of information theory and 
human performance has lead to the development of better, 
more informative signs which convey information to the 
driver not only by the printed message, but also by the 
Shape, color and symbol on the Sign. Most people are quite 
familiar with the standard STOP Sign seen at many 
intersections. In addition to the word "STOP", the sign has 
tne redundant features of the octogonal Shape and the red 
ee@ler 0 resznforce the mean@ng of the word "STOP". The 
kuSSians, in their search for a better stop sign, tried the 
American version, found that it worked, and are uSing it on 
highways throughout the Soviet Union ["Symbol Signs Show the 
Foy” §«=€61975)}. Other Signs have similar redundancy built in, 


to aid the driver in his information processing task. 


Navigational Signs use letters, numbers and 
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pictographs to convey information. Sheridan [1974] has 
stated that physical systems used as information channels 
are limited both in the amount and the rate of bits of 
information transmitted; therefore, it should not be 
Suprising to find the driver having similar limitations. A 
driver can oniy process a limited amount of information 
under a given set of circumstances pefore he will either 
make an error or miss information needed to perforn 
properly. Wnen the driver cannot process all the necessary 
information there can be either a catastrophic failure of 
the system (an accident), Or a non-catastrophic failure (a 
driver missing his turn-orf from the highway or a driver who 
becomes lost) {Alexander et al 1972]. In a Study conducted 
by the Department of Transportation, four out of five 
automobile accidentS were attributed to hunan error 
{Accident Causes 1975]. The four leading human errors were 
improper lookout, excessive speed, inattention and improper 
evasive action. Also cited were the leading environnental 
factors: view obstruction, slick roads and roadway design 
problems. It then would seem iixely that if one could 
remove more uncertainty from the drivers task, the 
probability of an accident would be lowered in both human 


error caseS and environmental factor cases. 


If a person stands along the side of a highway and 
Meons at a hatigarional Sign, he probably can read the sign 
guite easily. If a sign is legible, will it accomplish its 
goal of transmitting the proper information to the driver of 
a motor venicle? Not necessarily. One must enter the 


environment of the ariver to better understand this problen. 


2 ee ees Lom Sy Steas 


Since the very early days ofr highway Signing 


Systems, guidance signs in the United States were handled 


I> 





under very general guidelines. Various local and _ state 
agencies were left to their own devices insofar as basic 
Sign design was concerned. AS highway speeds increased the 
signing systems have become more specific and rigorous 
concerning regulatory and warning signs. Guide signs, 
however, have not foilowed suit in terms of standardization 
with the exception of the route markings. Problems with 
United States guide signs lie in content and design of the 
Signs. Markowitz [1968] has stated that Without a 
comprehensive point of view, U. S. guide signs have 
nroliferated without adding to the effectiveness of the 


system. 


Signing authorities have agreed that no more than 
three (or four) destination names should appear on the sane 
guide sign. then too many names appear on a guide sign, it 
1s confusing, too hard to read and too lengthy to read in 
the short periods of time allowed for safe navigation of 


today's highways. 


The attributes orf the sign which contribute to the 
Optimization of legibility and detectability are the 
physical components of sign design, while the attributes 
that contribute to the optimization of comprehension are 
inherent in the message. Comprehension is a conseguence of 
the sign‘s function as an information source; legibility and 
g@etectability are consequences of its function as a 
transmitter of inrftormation. The degree of noise present at 
the transmitter, channel or receiver affects all three 
elements [King 1971}. 


its 





D. SIGN READING STRATEGIES 


Markowitz {1968] has stated that everyone does not read 
a Sign, at least everyone does not read a Sign in the same 
Way. People have different goals or reasons for driving on 
the highway and these goals lead to different strategies of 
driving of which two are of interest and will be designated 


"search" and "discovery" respectively. 


The "search" technique rerers to the situation where an 
observer, approaching a choice point, has a well defined 
destination in mind and fully expects to find this name on 
the sign. The observer's job 1s to search through the names 
on the guide sign until he locates the one for which he is 


searching and then finds the direction associated with it. 


The "discovery" technique applies when an observer 
either has no well defined destination or does not expect to 
find his destination on the Sign. This observer must 
"discover" which destination names go with which directions; 
having discovered the named destination most properly 
related to his destination, the observer will then know in 


meen direction to proceed. 


Mackowitz [1968] indicates there is not sufficient 
inrormation avaiiable for one to make a decision on whether 
to stress one strategy over the other. He suggests possibly 
a compromise in providing the drivers with primary and 


secondary information on separate signs. 
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=. O@IECTIVE OF THIS EXPERIMENT 


The overall objective of this study was to ascertain an 
Optimum position for guidance arrows in relation to 
destination name on anighway guide signs. The original 
hypothesis would be that the staggered arrangement 1S more 
conducive to the needs of the driver uSing either the 


wseoauchn™ sor “"'dascovery strategy. 
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iiss ub LnODS 


— a ae 


Ree SUBU=CTS 


There were ten subjects who observed all combinations of 
six experimental factors. Five subjects were male students 
at the Naval Postgraduate School and five subjects were 
females, wives of students at the Naval Postgraduate School. 
Their ages ranged trom 26 to 39 years. The average ages were 
31 years for the males and 27.6 years for the females. Nine 
of the ten subjects had some type of formal Driver's 
Education course early in tneir driving career and all 
subjects have been driving for at least ten years. All 
Sudjects' visual acuity except one was either 20/20 or 
corrected to 20/20; the exception was corrected to 20/40. 


The subjects were not compensated for their time. 


B. EQUEPUENT 


The experimental equipment used in conducting this 
experiment consisted of a Lafayette Instrument Company 
Number 12910 Random access Control and Optional Reader anda 
foete all-purpose f£lectric Tacnistoscopic Attachment mounted 
in a KODAK EKTAGRAFHIC (RA960) Projector. A previously 
randomized set of tapes was used on the paper tape reader in 
order to access a Slide on the projector. The tachistoscope 
Was trigjered eiectronically by the timer in the control 


loop; the solenoid shutter was also controlled by the timer. 
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The exposure durations were 100 and 200 milliseconds. The 
system was set up to operate in a continuous loop with a 


mean time between slides of s1x seconds. 


The subject responded to the stimuli by depressing one 
of three choice buttons which when pushed indicated his 
response by lighting a light on the response panel. His 
response also stopped the timer which indicated his response 


time. 


The subjects were placed in an environmental enclosure 


to remove as many external distractions as possible. 


GC. ofPnuLi 


The stimuli used in this series of experiments consisted 
of a set orf white-on-green guide signs containing three 
destination names - Salinas, Sacramento and Seaside. The 
guide signs were placed on Slides for controlled 


presentation to the subjects. 


Each of the destination names could occur in any one of 
the three positions on the sign (top, middle or bottom) and 
be associated with any one of the three directions of travel 
(cight, left or straight-ahead). Representative selections 
of the signs are reproduced in Fig. 1 below. There were no 
Guplications of direction on any one slide. The arrows 
representing the direction of travel could pe in one of 
three arrangements: (1) all direction arrows to the left of 
the destination names, (2) all direction arrows to the right 
of the destination names or (3) staggered with the top and 
bottom arrows to the lert of the destination names and the 
middle arrow to the right. All possible combinations of 


these variables were used. 


20 








meee 1 =~ SOOME SPECTHEN GUIDE SIGNS USED IN EXPERIMENT 


et 





D. PROCEDURES 


The experiment was conducted in the Man-Machine Systen 
Design Laboratory at _ the Naval Postgraduate Senool, 
Monterey, California. All subjects were tested three times 
over a period of a week; the first two meetings were 
famiilarization sessions. Each session lasted 75 minutes, 
during which time a subject was exvosed to a random 


selection of the stimuli presented tachistoscopically. 


Each session was divided into five parts. The PE LIG Se 
part waS a practice or warm-up period, where the subject 
responded by naming the destination associated with a 
designated position on the Sign. The remaininy four parts 
were bas2d on factors Instruction and Exposure. Bach pam t 


G@@meslsted Ot nine blocks of ten trials. 


The "search" and "discovery" criterion were permuted 
with the exposure time of 100 ams and 200 ms. The four 
combinations were then chosen randomly for each Subject for 
each session. If the "search" criterion was tested, the 
Supjects were required to give the direction of travel 
associated with a particular destination name. If the 
"discovery" criterion was tested, the subjects were required 
to give the destination associated with a particular 
direction. The particular name or direction was changed for 
each block. The first trial of each block was considered a 
prepatory stimulus. Ns SWeh, it was not considered 
comparable to the test trials and was excluded from the 


analysis. 
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Between each part, the subject was allowed to rest for 
two minutes and the subjects were encouraged to exercise and 


rest their eyes in between blocks. 
E. DESIGN 


Data from the present experiment wasS analyzed according 
to a seven-way factorial analysis of variance (ANOVA) with 
Subjects performing ali factorial combinations. All factors 
except Subject had fixed levels assigned. Tabie I shows the 


Seven Wain factors and the number of levels of each factor. 


Hain Pactoc Level 


Subpyects (S) 10 
Name (N) 3 
Pasation. (P) 3 
Direction (D) S 
Arrow Arrangement (A) 3 
Mmeoerevetion (L) 2 
Exposure (E) Zz 


TABLE I: Main Factors and Levels of Individual Factors. 


Two dependent variables were used for the experiment: 
response time and frequency of correct response. Response 
time waS measured from the exposure of the stimulus until 
the subject depressed the response button; these times were 
meaSured in hundredths of a second with a tolerance of five 


percent. 
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The results will be examined in two parts. First the 
response time as uSed aS a measure of performance will pe 
presented; second the £reguency of correct response as used 


aS a measure will be presented. 


Se entoPINSE TEREs A MESSURE OF PERFORMANCE 


The response time for each individual trial was used as 
the measure of performance. The data was subjected to an 
analysis of variance with subjects receiving all treatment 
combinations. itemecelteCriOn f£Or accepting a value as 


Seemeticant was set at 0.05. 


The main effects of Subject, Name, Position, Arrow 
Arrangement and Instruction were found to be significant. 
These results from the ANOVA are provided in Summary form in 
Table II below. Conplete results of the analysis of 


Variance are in Appendix A. 


Source df es 

Subject S20 POU 29 
Name | VAP ales: 2639 
Position Pe Pc 
Arrow Arrangement OL is. 14.88 
Instruction ice, 46.10 
. *% D 4,36 8.00 
me A 4,36 Za 


eels fi: SWm@m@ary of Significant Results at a Level p< 0.05. 
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The Newtan-Keuls range test [Hicks 1973] was used to test 
for Significance at the 0.01 level for the main effects. 


These results are summarized in Table III. 
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Name 


1 Sacramento 
Z Salinas 
3 Seaside 
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Results 


Sactalemto 15 Significantly | 
Reseswatscermntple than Seaside 
Oeeeoalinas (p< 0.01). 


Results 


The Middle Position 1S more 


Giscegmipnle than either the To 


CEesOttOm POSItlLon (p< 0.01). 


rhe tlain effect was not 
Srlgnicicant. 


Results 


Phere Wesceno Silgniticant 
difference in means (p< 0.05). 


oe a ee ee ee oe 


Means are significantly 
dreterent “(ps 0.07). 


Results 


The main effect was not 
SroneLecant . 


Mean Response Times and Results of Range Tests. 
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There was a Significant difference in mean response time 
mor Subjects. This significant effect indicated that 
Subjects ' took longer to respond and their response time was 
a function of the manner in which they perceived tne 
weighting of speed versuS accuracy aS well as inherent 


subject differences. 


The significant effect of Name indicated that Sacramento 
was more discernible over either Salinas or Seaside. Phars 
possidly could be explained by the difference in name 


lengths. 


The Position effect showed that there was a significant 
difference in the middle position over the top and  pottom 
positions. This observation could be explained by the 
experimental set-up of short exposure duration requiring tne 
Subjects to focus their eyes at the expected center of the 
Slide and expand their visual field to encompass the whole 
slide or it could also be explained as subjects seeking an 


Optimal search technigue. 


The arrow Arrangement effect was Significant aS a group, 


however, the individuai means were not Significant. 


The instruction effect waS significant and indicated 
that the "search" technigue required less time to respond 


than the "discovery" technigue. 


Figures 2 and 3 show the significant interactions of 
Name xX Direction (N X D) and Name X Arrow Arrangement (N X 
BH). The figures indicated that Sacramento was more 
discernible than either Seaside or Salinas. Figure 2 
indicates that either the Arrow Arrangement with the arrows 
On the Left or Staggered 1S Superior to the design with the 


ercremsS Om the right. 
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easide 
Mee 
Mean Response 1.08 

: Salinas 

Time 
(NX A) 1.04 
200 
1.0 Sacramento 

0.96 

Ragit Left Staggered 

ARROW ARRANGEMENT 
Figure 2 - GRAPH OF NAME X ARROW ARRANGEMENT 

1.16 

Seaside 
i 2 

Mean Response 
1.08 Salinas 
Time 
Cie Db) 1.04 
1.00 Sacramento 





Raght Left Strarght 


DeRECLLON 


Figure 3 - GRAPH OF NAME x DUREGRION 
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Be FREQUBICY OF CORRECT RESPONSE 


Using the treguency of correct responses for the total 
number of trials as a probability of a correct response, an 
analysis was conducted to deteimine any parallels in the two 
measures of effectiveness (MOZ). Table IV shows the pooled 
probabilities for each main factor and its standard 


qeveila t1On. 


The subjects! probabilities of correct response’ ranged 
from 0.781 to 0.932. Using the Spearman rank correlation 
coefficient to test the correlation of speed versus 
accuracy, the test resuited in a correlation of 0.188, 
indicating no attributable relationships in subiects' 


Strategi¢s of speed versus accuracy. 


The prebability of a correct response for the factor 
Name paralleled the mean response time MOE in that 
Sacramento had a higher probability of a correct response 
than eitner Salinas or Seaside. The same was true for the 
factor Position in that the Middle Position had ae higher 
probability of a correct response over either of the other 


two positions. 


The prodapdility of a correct response for the factor 
Direction waS approximately the same for all three levels, 
however the probability of a correct response for going 


Straight-Ahead was slightly higher than the other two. 


For the factor Arrow Arrangement the probability of a 
correct response waS much more likely for tne Left or 
Staggered design than the Rignt design which was also true 


of the mean response time MOE. In this test the Staggered 


29 





design allowed a much better performance for seven of tne 
ten supjects; one Subject missea an egual number in each of 
the two categories and the other two favored the Left design 
just slightly in that they nad fewer misses for the Left 


design. 


The probability of a correct response for the factor 
Instruction also paralleled the mean reSponse time MOE in 
that Search had a much higher prooability of a correct 


response than Discovery. 


See ook DIPRERENCES 


There were no differences 1n mean response time or in 
frequency of correct response between males and females as a 


group. 
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SUBJECTS 
Mean Sear 
S1 0.904 0.016 
S2 Oea2/7 0.021 
$3 Googe 0.014 
SG 0.886 0.018 
S5 Vewat 0.023 
So Oeeso2 0.2022 
S7 Ono 0.02? 
S8 Geese 0.020 
sg Oe917 0.015 
SiGe UO. 9 10me0.016 
NAME 
Sacramento Salinas . Seaside 
dean Sie). mean 5S.D. Mean Sipe 
02.923 90.008 Oesz27 0.4012 O= 80050-0114 
BOS TTGON 
ae Middle Botton 
Mean ayL)?s Mean S.D. Mean Sae De 
Geo 13 70.012 0.920 0.008 0.856 0.011 
DIRECTION 
Rignt Heit Straight 
Mean Sel. Meah Sale Mean Pa 
Oe553 0.011 Omg58 0.011 Oper, 0.010 


ARKOW ARRANGEMENT 


Right Left Staggered 
Mean S.D. Mean S.D. Mean Site 
Oe 955 802012 0.881 0.010 0.913 0.009 
INSTRUCTION 

Search Discovery 
Meam S.D. jean S§.D. 
Ceo 2 = 02007 Oe Ty 010 
EXPOSURE 

100 ms 200 os 
Mean §S.D. Mean Sees 
0.847 0.009 0.880 0.008 


TALE IV: Mean and Standard Deviation of the Probability 
of a Correct Response. 
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IV. SUMMARY AND CONCLUSION 


The effects of the mean response times and the 
probabilities or a correct response will be discussed in 
terms of the independent variables. The results of this 
experiment will be compared with the results observed by 
Mouhowltz [ 1968 }. 


A. NAME 


The choice of appropriate destination names appeared to 
be an important consideration in conducting the experiment. 
When one cnooses nanes for the destinations consideration 
must be paid to name length, first letter, novelty of the 
hame and possibly lack of familiarity to the names in order 
that bias wiil not be introduced unknowingly. Tne choice of 
Sacramento appears to have violated these prior 
considerations. Subjects in describing how they cued 
themselves during the experiment admitted using the length 
of the word Sacramento as a cue. One of the subjects used a 
combination of word length and the fact that Sacramento 


ended in "o", 


Compariag tne mean response times or the probability of 
a correct response for Seaside and Salinas, one observes 
approximately equal discriainability between the two. 
However, Sacramento stands alone when measured against 


either MO3Z. 
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me «€6FOSTYTION 


In this experiment aS well as the one conducted by 
Markowitz [1968] the Middle position was more discernible 


than the other two positions. 


In investigating the effect of position on a Sign daring 
a brief exposure, one must remember that the experiment was 
conducted under laboratory Sonal tvens. Subjects were 
Geaqumred “£0 attend to only one task in conducting this 
experiment which does not conform to the normal driving task 


involving time-sharing between many tasks. 


One should have reservation in concluding that the 
Middle position is "more readable" or that drivers use a 
strateyy of reading the middle position first under actual 
conditions. This effect if deemed important in final design 


consideration should warrant further investigation. 


ee DERECTION 


In analyzing the effect of direction the mean response 
tines were not significant. The relative relationships for 
the three directions of mean response time and the 
probability of correct response supports Markowitz! [1965] 
Limdangs. This indication might Support a superior 
performance for the direction Straight-Ahead. Also because 
the Set Of direction arrows includes only one vertical arrow 
and two horizontal arrows, the vertical arrow being unique 
would increase the probability of superior performance in 


the direction Straight-shead [Markowitz 19638). 
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D. ARROW ARRANGENENT 


The Arrow Arrangement analysis is aot conclusive. The 
design witn the arrow placement on the right is inferior to 
elther the design with the arrow placement on the left or 
Staggered. This is tne same conclusion drawn by Markowitz 
{1968 }. However, one can not say that the staggered design 
1s better than the design with the arrows to the left of the 
destination name; yet, Markowitz' {1968} d* MOE and the 
probability of a correct response favor the staggered design 
slightly. 


Eo WISTRUCTION 


The two strategies, Search and Discovery, appear to show 
a marked difference in both the mean response time and the 
Probability of a correct response. The Search strategy 


reguires less time to process and has a nigher probability 


for a correct response. This effect was not demonstrated in 
Markowitz' [1968] experiment, nowever, he conducted the two 
experiments separately running the Discovery series 


subseguent to the Search series. The "differences {that he 
Observeaj may merely reflect order effects;" his results 
showed that the Discovery strategy was "marginally superior" 


mo that of tame Search strategy. 


The subjects that performed both strategies during the 
same experiment operated under similar conditions with the 
learning effect randomized over all trials; consequently ail 
other erfects being equal, subjects using the Search 


Sstpategy performed better. 
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fF. EXOCOSURE 


IncreaSing the exposure duration did not demonstrate a 
marked increase in performance. Tnis would indicate that 
100 ms duration or possibly less was adeguate viewing time 
for this experiment. However, one must remember that the 
driving task is a multi-task job reguiring time-sharing on 
the part or the driver. In order to evaluate the effect of 
exposure more fully a similar experiment should be conducted 


requiring subjects to time-share. 


G. CONCLUSION 


The overall goal of this experiment was to examine the 


hypothesis that the staggered design was the optimal design 


in regards to arrow placement. This Laer was not 
demonstrated in a clear fashion. Further study of this 
problem will be required to resolve the ambiguities 


presented. 


One consideration that would be worthy of study would be 
the effect of coding and redundancy of Position and 
Direction. One design would be t9 always use the Top 
position for the Straight-Anead direction, the Middle 
position for the Right direction and the Bottom position for 
the Left direction. One could then instruct the subjects in 
this code and evaluate either the Left/Staggered design or 


all three designs. 
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